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DS1 DS2 DS3 DS4
ModeU4051．39243．375690．43849086．4
Model　2　3913．79　237．192　674．719　45486．4
　　　Table　8．1　shows　the　results　of　model　comparisons　based　on　the　MSE　In　Table　8．1，　we　can
say　that　Model　2　has　better　perlbrmance　than　Model　l　in　terms　of　the　MSE　when　we　set　the
parameter　as　p＝0．95，β＝1．421×10－4，　and　7；1．624×10－4．　That　is，　we　can　a▲so　say　that
it　is　better　to　assume　a　linearユy　increasing　function　representing　the　expected　number　of　faults
considering　with　new　introduced　faults　like　Eq．（8．6）in　these　model　comparisons．
8．7 Concluding　Remarks
　　　We　have　proposed　two　types　of　imper飴ct　debugging　models　based　on　the　NHPPハs，　consid－
ering　with　two　types　of　imper艶c七debugging　activities　simultaneously，　such　as　the　activities
which　introduce　new　faults　and　imperfbct　fault　correction　activities．　Then，　we　have　derived
software　reliability　assessment　measures，　such　as　the　reliability　functions　and　the　hazard　rate
functions，　based　on　the　stochastic　properties　of　the　NHPP’s．　Further，　we　have　discussed　the
methods　of　parameter　estimation　for　our　proposed　models，　and　shown　numerical　examples　by
using　actual　fault　count　data．　Finally，　we　have　conducted　goodness－o伍t　comparisons　among
our　proposed　imper飽ct　debugging　models　in　terms　of　the　MSE　by　using　K）ur　actual　data　sets．

ParもV
Closing
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C血ap重er　9
Condusion
　　　This　dissertation　has　discussed　stochastic　software　reliabihty　growth　modeling　for　the　pur－
pose　of　improvement　of　software　reliability　assessment．　The　main　contributions　obtained　and
the　future　studies　remaining　in　the　respective　chapters　are　sllmmarized　as　follows：
　　　The　6rst　part　has　discussed　discretized　sofむware　reliability　growth　modeling　and　its　appli－
cation　to　optimal　software　release　problems．
＠Chapter　2　has　provide（玉discrete　NHPP　models　by　using　Hirota’s　bilinearization　methods，
　　which　have　better　per｛brmance　than　the　discretized　SDA　models　in　terms　of　the　MSE　and
　　the　predicted　relative　errors，　and　has　der玉ved　optimal　software　release　policies　based　on
　　our　discrete　NHPP　models　as　one　of　the　interesting　issues　for　an　application　technique
　　to　software　project　management．　Compared　with　the　case　for　the　continuous　NHPP
　　models，　our　discrete　NHPP　models　proposed　in　Ghapter　2　are　expected　to　contribute
　　to　decreasing　labor　of　software　development　managers　for　software　reliability　assessment
　　because　the　proposed　parameter　estimation　procedures　of　our　models　can　get　estimates
　　easily．　And　we　can　also　obtain　the　inHection　parameter　along　w玉th　the　other　parameters
　　in　applying　the　discrete　inHection　S－shaped　SRGM　to　the　observed　data，　simultaneously．
　　On　the　continuous－time　inHection　S－shaped　SRGM，　it　is　known　that　we　cannot　obtain　the
　　inHection　parameter　along　with　the　other　parameter　estimates　accurately．　Further　studies
　　are　needed　to　examine　the　goodness－of一丘t　of　the　proposed　two　discrete　NHPP　models
　　by　using　more　observed　data　sets，　and　to　deal　with　problems　on　software　development
　　management　such　as　estimating　the　optimal　allocation　of　testing－ef長）rt　expenditures．　And
　　also，　the　optimal　software　release　policies　derived　in　Chapter　2　need　to　be　investigated　in
　　actual　software　testing　in　terms　of　the　validity．
＠Chapter　3　has　developed　stochastic　mode▲s　by　incorporating　the　discrete　NHPP’s　into
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the　discrete　SDA　models　including　the　discrete　modi丘ed　exponential　curve　model　which
has　been　derived　in　this　dissertation．　Our　proposed　models　in　Chapter　3　can　describe
software　re▲iability　growth　process　stochastically　with　conserving　the　basic　properties
of　the　discrete　SDA　models．　By　developing　stochastic　models　based　on　the　discrete
SDA　models，　several　software　reliability　assessment　measures　which　are　useful　metrics
飴rquantitative　so銑ware　reliability　assessment　can　be　derived．　We　need　further　studies
so　that　we　can　examine　performance　of　the　proposed　model　more　by　using　many　sets　of
faults　count　data　collected　in　actual　so丘wεtre　projects．
　　The　second　part　has　provide（玉software　reliability　growth　modeling　with　several　factors，　such
as　testing－coverεしge　and　testing－effort　expendituresラrelated　to　the　software　reliability　growth
process・
gChapter　4　has　discussed　software　reliability　growth　modeling　with　testing－coverage　ma－
　　turity　process　in　the　testing．phase．　Especially，　the　testing－coverage　maturity　process
　　with　testing－sk玉ll　of　test－case　designers　has　been　described　by　developing　the　altemative
　　testing－coverage　fllnction．　After　that，　the　SRGM　with　testing－coverage　maturity　process
　　has　been　developed　by　characterizing　the　relationship　between　the　testing－coverage　matu－
　　rity　process　and　the　sof七ware　reliability　growth　process．　Incorporating　the　testing－coverage
　maturity　process　into　describing　the　software　reliab玉lity　growth　process　is　very　signi6cant
　for　improvement　of　the　accuracy　of　software　reliability　assessment．　However，　we　have
　to　research　more　about　the　useful　softw・are　reliability　assessment　measures，　and　examine
　per貴）rmance　of　the　proposed　model　by　using　several　actual　data　which　are　measured　on
　the　CI　and　path　testing－coverage　criteria．
●Chapter　5　has　provided　a　lognormal　process　SRGM　with　testing－eflbrt　expenditures．　The
　　testing－effort　is　one　of　the　important　metrics　inHuencing　the　software　reliability　growth
　　process．　Software　developing　managers　can　grasp　the　relationship　between　the　attained
　　software　reliability　and　the　amount　of　testing－effort　expenditures　by　using　our　software
　　reliability　growth　model　proposed　in　Chapter　5，　and　our　model　also　enables　software
　development　managers　to　decide　how　much　testing－e凪）rt　are　expended　to　attain　the
　reliability　objective，　However，　further　studies　are　needed　to　examine　the　validity　of　our
　model　for　practical　applications　by　using　more　actual　data．
　　　In　the　third　part　generalization　techniques　fbr　continuous　or　discrete－time　software　relia－
bility　growth　modeling．　Our　generalization　frameworks　for　software　reliability　modeling　are
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dif丘rent　from　the　conv題tional　framework　under　which　an　SRGM　is　developed　by　solving　a
dif丘rential　equation　modele（玉on　suitable　assumptions．　Our　generahzed　frameworks　proposed
in　this　dissertation　have　a　usefu▲characteristic　that　so銑ware　development　managers　cεしn　easi正y
obtain　a飴asible　SRGM　by　analyzing　the　fault－detection　phenomenon．
働Chapter　6　has　d輌scussed　generalized　discrete　software　reliability　growth　modeling．　Es－
　　peciallyうgeneralized　discrete　binomial　process　models　with　the　effect　of　the　program　size
　　have　been　proposed．　And　optimal　software　release　pohcies　based　on　our　models　have　been
　　also　derived．　The　discrete　binomial　process　SRGM’s　proposed　in　Chapter　6　are　suitable
　　fbr　software　reliability　assessment　for　a　small　or　medium　size　software　product　since　the
　　binomial　distribuもion　in　Eq．（6．3）representing　the　initial　number　of　faults　in　the　software
　　system　can　be　regarded　as　a　Poisson　distribution　as　the　parameterκ一一〉Oo．　Our　general－
　　ized　discrete　modeling　fbr　sof七ware　re▲iabil玉ty　aseessmellt　proposed　in　Chapter　6　enables
　　us　to　obtain　a　suitable　SRGM　easily　by　analyzing　the　software　failure－occurrence　times
　　distribution　in　the　actua▲testing－phase　and　applying　its　suitable　probability　distriblltion
　　function　to　our　generalized　discrete　model．　In　Chapter　6，　though　we　have　applied　the　ge－
　　ometric　and　Rayleigh　distributions　as　the　software　failure－occurrence　times　distributions，
　　we　have　been　planning　to　develop　f℃asible　software　failure－occurrence　t輌mes　distributions
　　wh玉ch　enable　us　to　descr玉be　the　times　distribution　Hexibly　in　the　future．　An（玉then，　we
　　have　to　discuss　the　validity　of　our　generalized　discrete　model　for　actual　software　reliability
　　assessment　in　the　future　studies．
gChapter　7　has　provided　a　generalization　framework　for　software　reliability　growth　model－
　　ing　based　on　the　NHPP　by　using　an　infinite　server　queueing　theory．　By　using　this　general－
　　ized　SRGM，　the　time－dependent　behavior　of　fault－detection　phenomenon　is　characterized
　　by　A（りand　F（老）which　indicate　the　mean　value　function　of　software　fai垣re－occurrence
　　phenomenon　and　the　distribution　function　of　isolation　time，　respectively．　But，　there　are
　　several　problems　for　applying　this　SRGM　to　the　actual　testing－phase．　We　have　shown　nu－
　　merical　examples　in　Chapter　7　by　assuming　that　A（り＝α（1－〆）and　F（り＝1－exp卜α司
　　intuitively　However，　we　have　to　research　on　how　to　assume　A（りand　F。（τ）in　ac知al
　　testing－phase，　which　is　an　important　issue　for　practical　software　reliability　assess］〔nent　as
　　future　studies．
　　　The　fourth　part　discusses　software　reliability　growth　modeling　under　imper艶ct　debugging
env玉ronment．　The　imperfect　debugging　modeling　is　considered　as　one　of　the　effective　approach
136
数）r企asible　software　reliability　growth　modeling　because　debugging　activities　do　not　always
remove　faults　per負〕ctly玉n　an　actual　testing－phase．
⑱Chapter　8　has　proposed　imper允ct　debugging　models　with　2－types　of　imperfbct　debugging
　　activities，　such　as　the　activities　introducing　new　faults　and　the　imper艶ct血ult－correction
　　activities，　simultaneously　based　on　NHPP，s．　Our　imperfect　debugging　models　have　been
　　developed　by　extending　the　basic　assumptions　of　software　reliability　modeling　based　on
　　the　NHPP．　In　further　studies，　we　have　been　planning　to　develop　more　plausible　imperfect
　　debugging　mo（玉els　which　can　describe　software　reliability　growth　process　with　the　two
　　types　of　imperfect　debugging　activities　more　speci6cally　by　using　other　suitable　stochastic
　　processes。　And　we　have　to　evaluate　the　validity　ar【d　usefu▲ness　of　our　models　fbr　practicaユ
　　software　reliability　assessment．
　　　We　have　discussed　stochastic　modehng　K）r　developing　feasible　software　reliabi胱y　growth
mode玉s　and　accurate　software　rehability　assessment　through　this　dissertation　comprehensively．
As　the　future　studies，　we　have　to　discuss　application　methods　of　our　models　to　several　software
project　mangement　isssues，　such　as　the　earned　value　management（abbreviated　as　EVM）and
software　project　risk　management．　And，　these　models　proposed　in　this　dissertation　can　be
regard　as　black－box　models　which　ignore　the　software　architecture　and　the　contro日ow　of　input
data．　Accordingly，　we　need　to　research　on　white－box　software　reliability　modeling，　such　as　the
modeling　with　module　compositionsうfbr　accurate　sofむware　reliabi▲ity　assessment．　Addition－
ally，　we　have　to　research　on　software　reliabillty　assessment　methodologies　fbr　recent　software
developent　environment　such　as　an　open　source　software　development　project　as　the　future
studies．
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